









































Agents pursuing private benefits have incentive to violate agreements such as 
treaty and contract, and may report falsified data to inspectors. To detect illegal actions, 
inspectors need to verify reported data by suitable methods. Focusing the Treaty on the 
Non-Proliferation of Nuclear Weapons (NPT) for International Atomic Energy Agency 
(IAEA), we survey an application of game theory to data verification problems. First, 
the basic model of an inspection game is presented. The model includes two kinds of 
errors in inspection: a falsified alarm (the error of the first kind) and no detection of 
illegal actions (the error of the second kind). It is proved that illegal actions can be 
deterred perfectly when the inspector can commit himself to an inspection rule. 
Secondly, the model is extended to a case that the inspector is uncertain about the 
agent’s incentive to behave illegally. A sufficient condition for the perfect deterrence of 
illegal actions is given. Finally, it is shown that the Lemma of Neyman-Peason in the 
statistical decision theory plays an important role in the design of the optimal 
inspection  rule.     ╇ℼ┿㠡㹚䱤䉪⑈┲ℼ╠䵽佀℧
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㵒⑙⑫. 䭜㹏⑎㤽䀮⑏㰡⑎⑈␪⑪⑇␢⑫. 䉨 2 㹏⑇⑏ℤ╇ℼ┿㠡㹚䱤䉪⑎㭶乣
⑈␷⑆㍋䥔㍈㬶㹲䱳⑋⑄␤⑆䁢䱀␹⑫. ┲ℼ╠䵽佀⑋⑨⑫╇ℼ┿㠡㹚䱤䉪⑎䨬


















on the Non-Proliferation of Nuclear Weapons: NPT) ␬␢⑫.4 ㍋䨼㑯䥔㍈㬶
㹲䱳 (NPT) ⑈⑏ℤ䩆㥱ℤ╭┷┢ℤㅑ㥱ℤ╕╩╳┹ℤ䍦㥱⑎ 5 ⑄⑎㍋䨼㑯㥱お㌰
⑎㥱⅊ ⅖䡳㍋䨼㑯㥱⅗ ⅋⑘⑎㍋䨼㑯⑎㍈㬶⑲䭉㭟␷㍋䨼㑯㥱⑋㍋㜳㵌㡲㹄⑲㕁䰳






䩝㹣䄼䍖 (Safeguards) ⑈⑏ℤ ⅖㠶㭒乏⑎䵸䵑⑋␢␿⑪┦╩╳⑤╗╫╈╋┦╠⑎
⑨␦⑊㍋䨪㱁䕹␬㜳㭶䱜䔪⑲㵵䐹␹⑫⑨␦⑊䩽䬡⑇䵸䵑␵⑬⑊␤␳⑈⑲㍎䩝␹
⑫␿②⑎䄼䍖⅗ ⅊㌰䰳㹊 2004⅋⑲␤␦. NPT ⑎䩝㹣䄼䍖⑲㱂㭜␹⑫㥱㩝㔡㑘␬
┦┣ℼ╳⑋䭜䥴⑲␪␯㥱㩝㠶㭒乏㔡㑘 (International Atomic Energy Agency:
IAEA) ⑇␢⑫. IAEA ⑏ 1957 䜯⑋䠯䈭␷ 2004 䜯㠽㩟㉃䱁㥱⑏ 137 ┫㥱⑇␢⑫.
IAEA 㝻㹏䉨 2 㹲⑏ℤIAEA ⑎䱜䔪⑲⅖䀤㌦䍦⑎䨿佂ℤ㝲㤯ℤ䡋ㅉ⑋䉐␹⑫㠶
㭒乏⑎㥗㠥⑲䈥㽊␪⑨⑓㍈䉧␷ℤ㔻㵑㭙ㅧ⑤㭱㙢ㅧ㵵␬㜳㭶䱜䔪⑋䵸䵑␵⑬⑊










4㍋䥔㍈㬶㹲䱳⑋⑄␤⑆⑎㹜␷␤䁢䱀⑏™㌰䰳㹊 (2004) ⑤䁐䕄 (1992) ⑲㬲㹈.
3quantities) ⑈⑏㍋䝺䠯䅵䍖⑲䀽䈤⑇␭⑫乌⑎␳⑈⑲さ䰣␷ℤ╗╫╈╋┦╠⑤┦














⑏㽞 1 ⑋㰨␵⑬⑫. 䤽⌱⑏⑯␬㥱␬䩝䴭␹⑫㍋䨪㱁⑎乌⑲㰨␷⑆␤⑫. ⑯␬㥱
␬䩝䴭␹⑫╗╫╈╋┦╠⑎乌⑏ 2002 䜯 12 㝮㠽㩟䱳 100 ╈╳⑋③⑎⑜⑪ℤ䤽⌲
⑋㰨␵⑬⑫䈾⑎㱧䵗㥱⑎䩝䴭乌⑈䡦⑙⑆㠲㵐␷⑆␤⑫␳⑈␬⑯␫⑫. ␳⑎␿②ℤ











⑎㠶㭒乏㭜䁟⑎䅠㙈㱔⑏N╶㵪⑎㠶㭒乏㭜䁟⑎㍋䨪㱁⑎㩟㡋乌yi;i = 1;¢¢¢ ;N,
⑲㥱䙢⑎䀯䥜䕶㙉⑲䑌␸⑆ IAEA ⑋䩳㥰␹⑫⑈␹⑫. IAEA ⑏䩳㥰␵⑬␿╇ℼ
┿⑋㑰⑅␤⑆䡳䨼㑯㥱␬ NPT ⑲㵥㱩␷⑆␤⑫␳⑈⑲㍎␫②⑫␿②⑋ℤN 㡄⑎
㠶㭒乏㭜䁟⑎␦⑁ n 㡄⑲╩╳╀╠⑋䍪㵐␷⑆㍋䨪㱁⑎㩟㡋乌⑋⑄␤⑆䙈㰫⑎䈬
䑪䍍 z1;¢¢¢ ;zn ⑲䙀⑫. IAEA ⑏䑹㝫㥱␫⑩䩳㥰␵⑬␿╇ℼ┿⑈䙈㰫⑎䈬䑪䍍
⑎㨹
xi = yi ¡ zi; i = 1;¢¢¢ ;n
⑋㑰⑅␤⑆䑹㝫㥱␬NPT ⑲㵥㱩␷␿␫⑉␦␫⑲䠽䑪␷⑊␱⑬⑐⑊⑩⑊␤. 㕄佀
⑲㑊䌱⑋␹⑫␿②ℤIAEA ⑏䩳㥰␵⑬␿ N 㡄⑎╇ℼ┿⑲␹⑙⑆䐴㨺␹⑫⑈㈾䑪
␷ℤn = N ⑈␹⑫.
䑹㝫㥱␬ NPT 㹲䱳⑲㵥㱩␹⑫㹬㥧ℤ䩳㥰␵⑬␿╇ℼ┿ yi ⑈ IAEA ⑎䈬䑪䍍
zi ⑏䘱␸䨿㙑䍍⑲③⑄⑈㥍␨⑩⑬⑫␫⑩ℤ䙳⑄⑎㍎丨䩑㽴⑎㨹⑇␢⑫ xi ⑎䨿㙑
䍍⑏ 0 ⑇␢⑫. ぬ䩽™䑹㝫㥱␬ NPT 㹲䱳⑋っ䠿␹⑫㹬㥧ℤ䴭さ㽥㵠⑎㍋䨪㱁⑎
乌 ¹ ⑲㜳㭶䱜䔪⑋䔾䵑␹⑫⑈㥍␨⑩⑬⑫. ␤⑞䉨 i 䡖䱜⑎㠶㭒乏㭜䁟␫⑩ ¹i ⑎
乌⑀␱㍋䨪㱁⑲䥔䀵⑋ぜ䘰␹⑫⑈␹⑫. ␳␳⑇ℤ
PN
i=1 ¹i = ¹ ⑇␢⑫. ␵⑩⑋ℤ
䑹㝫㥱⑏䥔䀵␬䌵䍎␵⑬⑫⑎⑲䭉␰␿②⑋ぜ䘰␷␿乌 ¹i ⑀␱╇ℼ┿⑎䍍⑲䈿②
⑋䨴㹾␷⑆ IAEA ⑋䩳㥰␹⑫⑈㈾䑪␹⑫⑈ℤ㍎丨䩑㽴 xi ⑎䨿㙑䍍⑏ ¹i ⑈⑊⑫.
℡℡
䕽㝗䔪㝨䑪䵽佀⑎䵑㡬⑲㭈␦⑈™䡳䨼㑯㥱␬ NPT ⑲㵥㱩␹⑫㹬㥧ℤ
E(xi) = 0; i = 1;¢¢¢ ;N (㥧䬡㥔す)
⑈⑊⑪ℤ␳⑬␬ IAEA ␬㠡䑪␹⑙␭㔢䰵㈾䁢⅊null hypothesis⅋⑇␢⑫. ぬ䩽ℤ
䡳㍋䨼㑯㥱␬ NPT ⑲㵥㱩␷⑊␤㹬㥧ℤ
E(xi) = ¹i; i = 1;¢¢¢ ;N (䥔䬡㥔す)






NPT ⑏ 1970 䜯⑎䠯㡺䕶㵩␫⑩㍋䨼㑯㥱⑎䈸㩟⑲䜧②␽⑬お㌰⑎㥱⑘⑎㍋䨼
㑯⑎㍈㬶⑲䭉㭟␹⑫⑈␤␦さ䰣⑇䥔䨿䕹㹲䱳⑇␢⑫⑈␤␦䡣䠽⑲㱵␱⑆␭␿␬ℤ
␳⑬⑞⑇䀤㌦⑎㍋䨼㑯㍈㬶⑲䭉␰㹥⑇䉧␭⑊㥗㠥⑲␷⑆␤⑫. ⑞␿ℤ1995 䜯⑎
ㄿ䵑㠡䘤Ωㅤ䐹㉱㕄⑇⑏ NPT ␬䰵㑼㡂ㅤ䐹␵⑬⑫␳⑈␬㝨䑪␷␿℥2003 䜯 10
㝮㠽㩟⑎䑹㝫㽴⑏ 189╵㥱⑋⑎⑜⑪ℤ㥱伢㉃䱁㥱 (191╵㥱) ⑎␦⑁䡳䑹㝫㥱⑏




















␢⑫␤⑏ℤ㥧䬡㥔す⑈䠽䍇␷⑆㝙㥰⑲㵐␵⑊␤ ( ¯ A, no alarm) ␫⑎␤␺⑬␫⑇
␢⑫℥┲ℼ╠⑎䵸䙀㥔乳⑏㽞⌲⑇㰨␵⑬⑫℥
㽞⌲
㽞⌲⑎䵸䙀㥔乳⑇⑏ℤ䬡␬㵥㱩␵⑬㨺㬡㱔③㝙㥰⑲㵐␵⑊␤㥔䘰⑎䅈( ¯ A, H0)
␬䀵㹯⑊㹵䉖⑇ℤ␽⑎㹬㥧⑎㨺㬡㱔⑈㥔す㱔⑎䵸䙀⑲ 0 ⑈䀵㔬㈽␷⑆␤⑫℥⑞
␿ℤ㥔す㱔⑎䥔䬡㥔す⑲㨺㬡㱔␬㝙㥰⑲㵐␵⑊␤⑇㠫䘨␷⑆␷⑞␦㥔䘰⑎䅈( ¯ A,
H1) ⑋䉐␷⑆⑏㥔す㱔⑎䵸䙀⑲ +1ℤ㨺㬡㱔⑎䵸䙀⑲ ¡1 ⑈䀵㔬㈽␷⑆␤⑫℥㥔
す㱔⑎䥔䬡㥔す⑋䉐␷⑆㨺㬡䕶㙉␬㝙㥰⑲㵐␹㥔䘰⑎䅈 (A, H1) ⑋䉐␷⑆⑏␵
⑩⑊⑫㨺㬡⑎㘯㈽⑋⑨⑃⑆䥔䬡㥔す⑏䠯㠫␵⑬㥔す㱔⑏䬡⑎䑪②⑋⑨⑃⑆㵨䠳
⑲㱵␱⑫⑈㈾䑪␷ℤ㥔す㱔⑏ ¡b(b > 0) ⑎䈻㰺⑲䡯⑫℥ぬ䩽ℤ㨺㬡㱔⑎䥔䬡㥔
す⑋⑨⑫䈻㰺⑲¡a⑈␹⑫℥㹲㝯a < 1⑏™㨺㬡㱔⑋⑈⑃⑆䥔䬡㥔す⑲㠫䘨␹⑨
⑪⑏㝙㥰⑲㵐␹␳⑈␬䬾⑞␷␤␳⑈⑲さ䰣␹⑫℥㩇㡥⑋ℤ㥔す㱔⑎㥧䬡㥔す⑋
䉐␷⑆㨺㬡㱔␬㡭⑃⑆㝙㥰⑲㵐␷⑆␷⑞␦㥔䘰⑎䅈 (A, H0) ⑇⑏ℤ㨺㬡㱔⑈㥔
す㱔⑎䈻㰺⑏␽⑬␾⑬ ¡cℤ¡d ⑇␢⑫℥㹲㝯 c < a ⑈ d < b ⑏ℤ㨺㬡㱔⑈㥔す

















¯ = Prob( ¯ A
¯ ¯ H1)
⑇␢⑫℥␳⑎㹲㝯⑄␭㍎丨 ¯ ⑏䥔䬡㥔す␬䠯㠫␵⑬⑊␤㍎丨⑲䤽␹℥䕽㝗䔪㝨
䑪䵽佀⑎䵑㡬⑇⑏ℤ® ⑲䉨 1 㱯⑎㉡㡭㍎丨ℤ¯ ⑲䉨 2 㱯⑎㉡㡭㍎丨⑈␤␦℥
㡭⑃␿㝙㥰⑎㍎丨 ® ⑈䥔䬡㥔す␬䠯㠫␵⑬⑊␤㍎丨 ¯ ⑲䙈丩⑋䄪䉲␹⑫␳⑈
⑏⑇␭⑊␤␳⑈⑋䍭さ␹⑫℥乣␨⑐ℤ㨺㬡㱔␬䙃䩌⑊㨺㬡㱪䬡⑲䵑␤⑊␤⑇␢
⑫㍎丨 ® ⑇⅖╩╳╀╠⅗⑋㝙㥰⑲㵐␹䁯丬 (┲ℼ╠䵽佀⑎䵑㡬⑇⑏ℤ㨮㥧䁯丬
⑈␤␦) ⑲⑈⑫⑈␹⑫℥␳⑎⑈␭ℤ






good(g) ⑈ bad(b) ⑎⌲䑌⑪⑎┷┰╊╫␬╩╳╀╠⑋㵐㠽␹⑫℥┷┰╊╫␬㵐㠽
␹⑫㍎丨⑏㥔す㱔⑎㥔䘰⑋き䈸␷ℤ
Prob(good
¯ ¯ H0) = 1 ¡ a ; Prob(bad
¯ ¯ H0) = a
Prob(good
¯
¯ H1) = b ; Prob(bad
¯
¯ H1) = 1 ¡ b
8⑈␹⑫℥␿⑀␷ℤ0 < aℤb < 1=2 ⑇␢⑫℥㨺㬡㱔⑎䠽䑪╫ℼ╫⑏ℤ┷┰╊╫ g
⑲㱵␱␿⑈␭⑏㥧䬡㥔す H0 ␬䄪䉲␵⑬␿⑈㉲㱡␷⑆㝙㥰⑲㵐␵⑊␤␬ℤ┷┰
╊╫ b ⑲㱵␱␿⑈␭⑏䥔䬡㥔す H1 ␬䄪䉲␵⑬␿⑈㉲㱡␷⑆㝙㥰⑲㵐␹⑈␹⑫℥
␳⑎⑈␭ℤ㡭⑃␿㝙㥰⑎㍎丨 ® ⑈䥔䬡㥔す␬䠯㠫␵⑬⑊␤㍎丨 ¯ ⑏␽⑬␾⑬
® = a; ¯ = b
⑈⑊⑪ℤ® + ¯ < 1 ⑇␢⑫ (㽞⌳⑎䕀 A)℥
ぬ䩽ℤ㨺㬡㱔␬⑄⑍⑋㝙㥰⑲㵐␹䁯丬⑲㩎䵑␹⑫⑈␭ℤ䱀⑩␫⑋® = 1ℤ¯ = 0
(㽞⌳⑎䕀 B) ⑇␢⑫℥㨺㬡㱔⑏␳⑬⑩⑎⌲⑄⑎㨺㬡䁯丬⑲䔬䕶⑊㍎丨⑇╩╳╀
╠⑋㩎䵑␹⑫␳⑈⑋⑨⑃⑆㽞⌳⑎䕀 A ⑈䕀B ⑲㝫⑖䐾䁾㹥⑎䜤さ⑎ (®;¯) ⑎䅈
⑲㱂㠽␹⑫␳⑈␬⑇␭⑫℥
㨺㬡㱔␬⑄⑍⑋㝙㥰⑲㵐␵⑊␤䁯丬⑲㩎䵑␹⑫⑈␭⑏ ® = 0ℤ¯ = 1 (㽞⌳⑎





㈾䑪 1. 䥔䬡㥔す␬䠯㠫␵⑬⑊␤㍎丨 ¯(®) ⑏ℤ䩄㙨㑖 [0, 1] ␫⑩␽⑬㰫㽈⑘







9䨬䥛⑋㴾␦␬ℤ䨿㙑䍍 m ⑏㥔す㱔␬㥧䬡㥔す (H0) ⑲䄪䉲␹⑫␫䥔䬡㥔す (H1)








⑇䴿␨⑩⑬⑫℥㥔す㱔⑎䄪䉲␬ Hi(i = 0;1) ⑎⑈␭⑎㍎丨䩑㽴 X ⑎䨿㙑䍍⑲
Ei(X) ⑈␪␯⑈␭ℤ
H0 : E0(X) = 0 (㥧䬡㥔す)
H1 : E1(X) = ¹ (䥔䬡㥔す)
⑇␢⑫℥䉨 2 䁡⑇㵒⑙␿㍋䥔㍈㬶㹲䱳⑎㭶乣⑇⑏ℤ㍎丨䩑㽴 X ⑏㠶㭒乏㭜䁟⑎
䅠㙈㱔␫⑩ IAEA ⑋䩳㥰␵⑬␿╇ℼ┿ y ⑈ IAEA ⑋⑨⑫䙈㰫⑎䈬䑪╇ℼ┿ z ⑎
㨹 y ¡ z ⑋䉐ㅾ␹⑫℥
␤⑞ℤ㨺㬡㱔⑎㩎䵑␹⑫㨺㬡╫ℼ╫(䕽㝗䔪╆┹╈)⑈␷⑆ℤ␢⑫乗㌦䍍s(> 0)
⑋䉐␷⑆ X ⑎㑑䈬䍍 x ␬ x > s ⑊⑩⑐䥔䬡㥔す␬㥔⑊⑯⑬␿⑈䠽䍇␷⑆㝙㥰⑲
㵐␹③⑎⑲㥍␨⑫℥␳⑎⑈␭ℤ㡭⑃␿㝙㥰⑎㍎丨 ® ⑈䥔䬡㥔す␬䠯㠫␵⑬⑊␤
㍎丨 ¯ ⑏㰡⑎㑘㜸㰰⑲䭾␿␹℥
1 ¡ ® ´ Prob(x · s
¯
¯ H0) = F(s)
¯ ´ Prob(x · s
¯ ¯ H1) = F(s ¡ ¹):









⑇␢⑫ (㽞⌴㬲㹈)℥p = F(s) ⑎㕕㑘㽴⑲ s = U(p) ⑈␪␯⑈ℤ
¯ = F(U(1 ¡ ®) ¡ ¹)
⑎㑘㜸␬䀮⑪丩⑄℥
10㽞⌴
㽞 1 ⑎䵸䙀㥔乳⑲③⑄䁯丬㝁┲ℼ╠⑲ Γ0 ⑈␪␯℥┲ℼ╠ Γ0 ⑏㨺㬡㱔␬㥔す
㱔⑎㥔す⑈⑏䙈丩⑋╩╳╀╠⑋㝙㥰⑲㵐␹㹵㘷⑲䤽␹℥
䑪䵽 1. 㡭⑃␿㝙㥰⑎㍎丨 ® ⑈䥔䬡㥔す␬䠯㠫␵⑬⑊␤㍎丨 ¯ ␬㰡⑎㑘㜸
¯(®) = 1 ¡ ®; 0 · ® · 1
⑲䭾␿␹㨺㬡┲ℼ╠ Γ0(㽞 1) ⑏␿⑀ぬ⑄⑎╊╃┷╥㙑㥕䕀⑲③⑁ℤ㙑㥕䕀⑏㨮
㥧䁯丬
(®¤;1 ¡ ®¤) =
µ
1
1 + b ¡ d
;
b ¡ d
1 + b ¡ d
¶
(t¤;1 ¡ t¤) =
µ
1 ¡ a
1 ¡ a + c
;
c
1 ¡ a + c
¶
⑇䴿␨⑩⑬⑫℥␿⑀␷ℤt¤ ⑏㥔す㱔␬㥧䬡㥔す⑲䄪䉲␹⑫㍎丨⑇␢⑫℥
㹚䱀. 䵸䙀║╩╡ℼ┿⑎㹲㝯ℤ0 < c < a < 1ℤ0 < d < bℤ⑨⑪ℤ㵣䁯丬⑋⑨
⑫╊╃┷╥㙑㥕䕀⑏䈸㩟␷⑊␤␳⑈␬⑯␫⑫℥㨮㥧䁯丬⑋⑨⑫╊╃┷╥㙑㥕⑇
⑏ℤ㨺㬡㱔⑎㨮㥧䁯丬 (®;1 ¡ ®) ⑋䉐␷⑆㥔す㱔⑎⌲⑄⑎㥔䘰⑎㑼䉔䵸䙀⑏䕹
␷␯⑊␱⑬⑐⑊⑩⑊␤␫⑩ℤ

















␤㍎丨 ¯(®) ⑏㈾䑪 1 ⑲䭾␿␹⑈␹⑫℥
┲ℼ╠⑎╫ℼ╫⑏㰡⑇䴿␨⑩⑬⑫℥㩇㵩⑋ℤ㨺㬡㱔␬㡭⑃␿㝙㥰␬㵐㠽␹⑫
㍎丨®(0 · ® · 1) ⑎䍍⑲䄪䉲␹⑫℥㰡⑋ℤ㥔す㱔⑏㨺㬡㱔⑎䄪䉲⑲䍎⑩␺⑋㥧




® if H = H0





㨺㬡㱔␬㡭⑃⑆㝙㥰⑲㵐␹㍎丨 ® ⑈㥔す㱔␬䥔䬡㥔す (H1) ⑲䄪䉲␹⑫㍎丨




¡a(1 ¡ ¯) ¡ ¯
¢
q ¡ c®(1 ¡ q)
g2(®;q) =
¡
¡b(1 ¡ ¯) + ¯
¢
q ¡ d®(1 ¡ q)
⑇䴿␨⑩⑬⑫℥
12䑪䵽 2. 㨺㬡┲ℼ╠ Γ1 ⑏␿⑀ぬ⑄⑎╊╃┷╥㙑㥕䕀 (®¤;q¤) ⑲③⑁ℤ㰡⑎䀭
㱁␬䀮⑪丩⑄℥
(1) 0 < ®¤ < 1ℤ 0 < q¤ < 1
(2) ¡b + (b + 1)¯(®¤) + d®¤ = 0
㹚䱀. 㩇㵩⑋ℤ㨺㬡┲ℼ╠ Γ1 ⑏㵣䁯丬⑋⑨⑫╊╃┷╥㙑㥕䕀⑲③␿⑊␤␳⑈
⑲㰨␹℥③␷ ®¤ = 0 ⑊⑩⑐ℤ¯(®¤) = 1 ⑇␢⑪㥔す㱔⑎㩇䔬ㅾ䕺⑏ q¤ = 1 ⑇
␢⑫℥␳⑎⑈␭ℤ㨺㬡㱔⑎䵸䙀⑏ (a ¡ 1)¯(®) ¡ a ⑇␢⑫℥a ¡ 1 < 0 ⑨⑪ℤ㨺
㬡㱔⑎㩇䔬ㅾ䕺⑏ ¯(®¤) = 0ℤ␹⑊⑯⑁ℤ®¤ = 1 ⑇␢⑫℥␳⑬⑏ℤ®¤ = 0 ⑋䰷
㵢␹⑫℥③␷ ®¤ = 1 ⑊⑩⑐ℤ¯(®¤) = 0 ⑇␢⑪㥔す㱔⑎㩇䔬ㅾ䕺⑏ q¤ = 0 ⑇
␢⑫℥q¤ = 0 ⑋䉐␹⑫㨺㬡㱔⑎㩇䔬ㅾ䕺⑏ ®¤ = 0 ⑇␢⑪ℤ®¤ = 1 ⑋䰷㵢␹⑫℥





¡b(1 ¡ ¯) + ¯ + d®
¢
q ¡ d®
⑈䩑㝁⑇␭⑫␫⑩ℤ㥔す㱔⑎㙑㥕䁯丬 q¤ ␬ 0 < q¤ < 1 ⑇␢⑫␿②⑋⑏ℤ㨺㬡
㱔⑎㙑㥕䁯丬 ® ⑏
¡b + (b + 1)¯(®) + d® = 0
⑲䭾␿␵⑊␱⑬⑐⑊⑩⑊␤℥㹥㰰⑏ℤ




⑈␫␱⑫℥㈾䑪 1 ⑨⑪ℤ㑘㽴 H(®) ⑏ [0,1] 㹥⑎伢䈳⑇䙌⑊㑘㽴⑀␫⑩䌱䐴㠺㸯
㑘㽴⑇ H(0) > 0ℤH(1) < 0 ⑨⑪ℤH(®¤) = 0 ⑎㉲ ®¤ 2 [0;1] ␬␿⑀ぬ⑄䈸㩟
␹⑫ (㽞⌶㬲㹈)℥
㥔す㱔⑎㙑㥕䁯丬 q¤ ⑏ℤ
g1(®¤;q¤) ¸ g1(®;q¤); 8® 2 [0;1]







c + (a ¡ 1)¯0(®¤)







䬡㥔す (H0) ⑇␢⑫℥␳⑎乎と⑇⑏ℤ㨺㬡㱔⑏㡭⑃⑆㝙㥰␹⑫㍎丨 ® ⑲㈼␲⑫
␳⑈⑇䵸䙀⑲䅽㉃⑇␭⑫℥䐾䁾㹥⑎ (®;¯) ⑎䅈⑋䉐␷⑆ℤ㨺㬡㱔⑏㥧䬡㥔す⑈
䥔䬡㥔す⑋㑘␷⑆䰵㨹䩌⑇␢⑫℥㡭⑃⑆㝙㥰␹⑫㍎丨⑎㙑㥕䍍 ®¤ ⑏䐾䁾⑈㙊䁾
¯ = ¯(®) ⑎㡲䕀⑋⑨⑃⑆䑪⑞⑫℥
䑪䵽2 ⑨⑪ℤ㨺㬡┲ℼ╠ Γ1 ⑎㙑㥕䕀⑏㰡⑎䀭㱁⑲③⑄␳⑈␬⑯␫⑫℥㨺㬡㱔
⑋⑨⑫㝙㥰⑏㥔す㱔␬䥔䬡㥔す⑲䄪䉲␷⑆③㥧䬡㥔す⑲䄪䉲␷⑆③䀵⑎㍎丨⑇
















␦⑇␢⑫℥㩇㵩⑋ℤ㨺㬡㱔␬㡭⑃␿㝙㥰␬㵐㠽␹⑫㍎丨 ®(0 · ® · 1) ⑎䍍⑲䄪
䉲␹⑫℥㰡⑋ℤ㥔す㱔⑏ ® ⑎䍍⑲䍎⑃␿㹥⑇㥧䬡㥔す (H0) ␫䥔䬡㥔す (H1) ⑲
䄪䉲␹⑫℥㝙㥰␬㵐㠽␹⑫㍎丨⑏㨺㬡┲ℼ╠ Γ1 ⑈䘱␸⑇␢⑪ℤ(3.1) ⑇䴿␨⑩
⑬⑫℥㨺㬡┲ℼ╠ Γ2 ⑎䔸㌫㝁䤽㠽⑏㽞⌷⑇㰨␵⑬⑫℥
㽞⌷
㨺㬡┲ℼ╠Γ2 ⑋␪␱⑫㨺㬡㱔⑎㵣䁯丬⑏㡭⑃⑆㝙㥰␹⑫㍎丨⑎䍍®(0 · ® ·
1) ⑇␢⑫℥㥔す㱔⑎㵣䁯丬 ° ⑏ℤ㍆ ® 2 [0;1] ⑋䉐␷⑆㥧䬡㥔す H0 ␫䥔䬡㥔す
H1 ⑲䉐ㅾ␵␻⑫㑘㽴⑇␢⑫℥㨺㬡┲ℼ╠ Γ2 ⑏㐰䄴㹰䩳┲ℼ╠⑇␢⑪ℤ┲ℼ╠
⑎㙑㥕㌵䜰⑈␷⑆䥴䨬┲ℼ╠㐰䄴㙑㥕䕀⑲㥍␨⑫℥
䑪䵽 3. 㨺㬡㱔␬㨺㬡╫ℼ╫⑋┳╟╃╈⑇␭⑫┲ℼ╠ Γ2 ⑏␿⑀ぬ⑄⑎䥴䨬
┲ℼ╠㐰䄴㙑㥕䕀 (®¤;°¤) ⑲③⑁ℤ(®¤;°¤) ⑏㰡⑎䀭㱁⑲䭾␿␹℥






(2) 㥔す㱔⑎㵣䁯丬 °¤ ⑏
r¤(®) =
(
H1 if 0 · ® < ®¤
H0 if ®¤ · ® · 1
15⑲䭾␿␹℥






H1 if 0 · ® < ®¤
H0 or H1 if ® = ®¤




¡a(1 ¡ ¯) ¡ ¯ if 0 · ® < ®¤
¡c® if ®¤ < ® · 1
⑈⑊⑫℥␹⑙⑆⑎ ® 2 [0;1] ⑋䉐␷⑆ℤ¡c® > ¡a(1¡¯)¡¯ ⑨⑪ℤ㨺㬡㱔⑎㩇





䑪䵽3 ⑨⑪ℤ㨺㬡㱔␬㨺㬡╫ℼ╫⑋┳╟╃╈⑇␭⑫㨺㬡┲ℼ╠ Γ2 ⑇⑏㡭⑃␿

































䥔䬡㥔す␬䠯㠫␵⑬⑊␤㥔䘰⑎䅈 ( ¯ A;H1) ⑋䉐␹⑫㥔す㱔⑎䵸䙀⑏㥔す㱔⑎䥔
17䬡㥔す⑲㥔⑊␦┤╳┻╳╆┣╖⑎䉧␭␵⑲䤽␹③⑎⑇␢⑪ℤ␽⑬⑋⑄␤⑆㨺㬡
㱔⑏䥔㐰䄴⑊䍎㰱␷␫③␿⑊␤⑎␬ぬ䡌䔪⑇␢⑫℥
㈾䑪 2. 䥔䬡㥔す␬䠯㠫␵⑬⑊␤㹬㥧⑎㥔す㱔⑎䵸䙀 x ⑏䠾㙨㑖 [0;1) ⑋䍍
⑲⑈⑫㍎丨䩑㽴⑇␢⑪␽⑎䨬䥛㑘㽴⑲ G ⑈␪␯℥㍎丨䩑㽴 x ⑎㱂㠽䍍⑲㥔す㱔
⑏䍎⑫␬㨺㬡㱔⑏䍎⑩⑊␤℥䨬䥛㑘㽴 G ⑏䙳㽍⑋⑈⑃⑆㑻䍎⑈␹⑫℥
␳⑬⑞⑇⑎㨺㬡┲ℼ╠⑇⑏㥔す㱔⑏㥧䬡㥔す (H0) ⑈䥔䬡㥔す (H1) ⑎⌲䑌⑪
⑲㥍␨ℤ䥔䬡㥔す⑎䩽䬡⑏␿⑀ぬ⑄⑇␢⑫␳⑈⑲䅛䑪␷␿℥お㈼⑎䨬䁏⑇⑏ℤ䨣
㽴⑎䥔䬡㥔す⑲㥍␨ℤ䥔䬡㥔す⑲
µ = (µ1;¢¢¢ ;µn);
n X
i=1
µi = ¹; µi ¸ 0; i = 1;¢¢¢ ;n
⑇䤽␹℥NPT ⑎㭶乣⑇⑏㠶㭒乏㭜䁟␬n 㡄䈸㩟␷㥔す㱔⑏㍋䨼㑯⑎䀽䈤⑋䤬䵗
⑊¹ 䌱が⑎㍋䨪㱁⑲㍆㠶㭒乏㭜䁟i(= 1;¢¢¢ ;n) ␫⑩䥔䀵⑋䔾䵑␹⑫㹵㘷⑋䉐ㅾ
␷⑆␤⑫℥㍆ µi ⑏䉨 i 䡖䱜⑎㠶㭒乏㭜䁟␫⑩䔾䵑␹⑫㍋䨪㱁⑎乌⑲䤽␹℥䥔䬡
㥔す µ ⑎㴸㥧⑲ Θ ⑈␹⑫℥
ぬ䩽ℤ㨺㬡㱔⑏␹⑙⑆⑎㠶㭒乏㭜䁟 i = 1;¢¢¢ ;n ⑲䙈㰫⑋䐴㨺␷䉨 i 䡖䱜⑎
㠶㭒乏㭜䁟⑋␪␱⑫㍋䨪㱁⑎䩝䴭乌⑋⑄␤⑆㑑䈬䍍 Xi ⑲䙀⑫℥㨺㬡㱔⑎䁯丬 ±
⑏㑑䈬䍍╙┯╈╫ (X1;¢¢¢ ;Xn) 2 Rn ⑋䉐␷⑆㝙㥰⑲㵐␹␫⑉␦␫⑲㝨䑪␹⑫
㝨䑪╫ℼ╫ (䕽㝗䔪╆┹╈) ⑇␢⑪ℤ㝁㰰䔪⑋⑏ n 㰡㠵╦ℼ┯╪╃╉㙵㑖 Rn ␫
⑩㴸㥧 fA; ¯ Ag ⑘⑎㉄䈬㑘㽴
± : Rn ! fA; ¯ Ag
⑇䤽㠽␵⑬⑫℥㨺㬡䁯丬 ± ⑎㴸㥧⑲ ∆ ⑇䤽␹℥
㨺㬡䁯丬 ± ⑈㥔す㱔⑎㥧䬡㥔す (H0) ⑋䉐␷⑆㡭⑃␿㝙㥰␬㵐㠽␹⑫㍎丨
®(±) = Prob
¡














(1) 㩇㵩⑋ℤ䥔䬡㥔す H1 ␬䠯㠫␵⑬⑊␤㹬㥧⑎㥔す㱔⑎䵸䙀 x ␬䨬䥛㑘㽴 G
⑋⑨⑃⑆㱂㠽␹⑫℥
(2) 䵸䙀 x ⑎㱂㠽䍍⑲䍎⑩␺⑋㨺㬡㱔␬㨺㬡䁯丬 ± 2 ∆ ⑲䄪䉲␹⑫℥
(3) (x;±) ⑲䍎⑃␿㹥⑇㥔す㱔⑏㥧䬡㥔す H0 ␫䥔䬡㥔す H1 ⑲䄪䉲␹⑫℥
(4) ③␷㥔す㱔␬䥔䬡㥔す H1 ⑲䄪䉲␹⑫⑊⑩⑐ℤ␵⑩⑋ µ 2 Θ ⑲䄪䉲␹⑫℥
(5) 㩇㡥⑋ℤ㰡⑎㍎丨⑇㝙㥰 A ␬㵐␵⑬⑫℧
Prob(A) =
(
®(±) 㥧䬡㥔す H0 ␬䄪䉲␵⑬␿㹬㥧




® 2 [0;1] ⑋䉐␷⑆㴸㥧 ∆® = f± 2 ∆
¯ ¯ ®(±) = ®g ⑲䑪㕁␹⑫℥␳⑎⑈␭ℤ㨺
㬡㱔⑎䁯丬㴸㥧 ∆ ⑏ ∆ = [f∆®
¯ ¯ 0 · ® · 1g ⑈䤽␻⑫℥䨬䁏⑎㑊䌱㈽⑎␿②ℤ
㰡⑲㈾䑪␹⑫℥
㈾䑪 3.
(1) 䨬䥛㑘㽴 G ⑏䰩䕙㑘㽴 g ⑲③⑄











19⑎㉲␬䈸㩟␷⑆ minmax 䍍⑲ ¯(®) ⑈␪␯℥
㩇㵩⑋ℤ 㥔す㱔⑎㩇䔬⑊䥔䬡㥔すµ¤ 2 Θ⑲㕡②⑫℥ ␹⑙⑆⑎(x;±) 2 [0;1)£Θ
⑋䉐␷⑆㥔す㱔⑎㑼䉔䵸䙀⑏
(b + x)¯(µ;±) ¡ b






㰡⑋ℤ㥔す㱔⑋⑨⑫㥧䬡㥔す H0 ␫䥔䬡㥔す H1 ␫⑎䄪䉲⑲㥍␨⑫℥(x;±) 2
[0;1) £ Θ ⑋䉐␷⑆ℤ㥔す㱔⑎㑼䉔䵸䙀⑏㥧䬡㥔す⑲䄪䉲␹⑫⑈ ¡d®(±) ⑇␢
⑪ℤ䥔䬡㥔す⑲䄪䉲␹⑫⑈(b+x)¯(±)¡b⑇␢⑫℥⑦␨⑋ℤ㥔す㱔⑎㩇䔬㥔䘰⑏
H0 if h(x;±) < 0
H0 ⑞␿⑏ H1 if h(x;±) = 0
H1 if h(x;±) > 0
⑇␢⑫℥␿⑀␷ℤh(x;±) ´ ¡b + (b + x)¯(±) + d®(±) ⑇␢⑫℥







⑎㉲⑇␢⑫℥␳␳⑇ g1(±;x) ⑏ (±;x) ⑋䉐␹⑫㨺㬡㱔⑎㑼䉔䵸䙀⑇
g1(±;x) =
(




































































































䑪䵽 4. 㹰䩳䥔㐰䡷⑊㨺㬡┲ℼ╠ Γ3 ⑎䥴䨬┲ℼ╠㐰䄴㙑㥕䕀⑏ℤ㰡⑎䀭㱁⑲
③⑄℥
21(1) 㩇䔬㨺㬡䁯丬 ±¤ ␬㡭⑃⑆㝙㥰⑲㵐␹㍎丨 ®¤ = ®(±¤) ⑏㩇䉧䱤䉪 (4.4) ⑎㉲






⑎㉲⑇␢⑫℥␿⑀␷ℤ¯(±;µ) ⑏㨺㬡䁯丬 ± ⑈䥔䬡㥔す µ ⑲㵪䴿⑈␹⑫⑈␭⑎䥔
䬡㥔す␬䠯㠫␵⑬⑊␤㍎丨⑇␢⑫℥






䑪䵽 4 ⑨⑪ℤ㩇䔬⑊㨺㬡䁯丬 ±¤ ⑎㝨䑪⑏㰡⑎⑨␦⑋⌲䍊㌬⑋䨬㉲⑇␭⑫␳⑈
␬⑯␫⑫℥㩇㵩⑋ℤ㡭⑃␿㝙㥰␬㵐㠽␹⑫㍎丨⑎㙑㥕䍍 ®¤ ⑲㩇䉧䱤䉪 (4.4) ⑎










㍆ ® 2 [0;1] ⑋䉐␷⑆㨺㬡㱔␬ minmax 䱤䉪⑎㉲⑇␢⑫㨺㬡╫ℼ╫ ±(®) ⑲㩎
䵑␹⑫⑈␭ℤ㥔す㱔⑏䥔䬡㥔す␬䠯㠫␵⑬⑊␤㹬㥧⑎䵸䙀 x ␬ K(®) ⑨⑪㸮␵
␤⑈␭ℤ㥧䬡㥔す⑲䄪䉲␹⑫℥␳⑎さ䰣⑇ℤK(®) ⑲㥧䬡㥔す⑎乗㌦䍍㑘㽴⑈
␤␦℥㥧䬡㥔す␬䄪䉲␵⑬⑫㍎丨⑏ G(K(®)) ⑇␢⑫℥乗㌦䍍㑘㽴 K(®) ⑏ℤ㌫




⑲䭾␿␹℥㽞⌱⌰⑏ℤ䥔䬡㥔す⑎䵸䙀 x ␬㙨㑖 [d0;d1] 㹥⑋䨬䥛␷⑆␤⑫㹬㥧
⑎乗㌦䍍㑘㽴 K(®) ⑈㥧䬡㥔す⑎㍎丨 G(K(®)) ⑎┰╩╕⑲㰨␷⑆␤⑫℥㽞⌱
22⌱⑏ℤ㨺㬡㱔⑎㑼䉔䵸䙀⑈㡭⑃␿㝙㥰␬㵐㠽␹⑫㍎丨 ® ⑎㑘㜸⑲㰨␷⑆␤⑫℥
㹰䩳㐰䡷⑊㨺㬡┲ℼ╠ Γ2 ⑇䱤䉪⑈␵⑬␿㑼䉔䵸䙀⑎䥔伢䈳䀭⑏㹰䩳䥔㐰䡷⑊
╢╇╫ Γ3 ⑇⑏㉲㹃␵⑬⑫␳⑈␬⑯␫⑫ (㽞⌸⑈㽞⌱⌱㬲㹈)℥㽞⌱⌱⑋␪␤⑆ℤ














䥔䬡㥔す␬䠯㠫␵⑬⑊␤㹬㥧⑎㥔す㱔⑎䵸䙀 x ␬㙨㑖 [d0;d1] 㹥⑎㍎丨䩑㽴








䑪䵽 5. 䥔䬡㥔す␬䠯㠫␵⑬⑊␤㹬㥧⑎㥔す㱔⑎䵸䙀 x ␬㙨㑖 [d0;d1] 㹥⑎ぬ
䵍䨬䥛⑋㴾␦㍎丨䩑㽴⑇␢⑪ℤ㥧䬡㥔す⑎乗㌦䍍㑘㽴 K(®) ␬㌫㙨㑖 (®0;®1)ℤ
























minmax 䱤䉪␫⑩㰡⑎⑨␦⑊┼╭佂⌲㽍┲ℼ╠ G® ⑲㤽䀮␹⑫␳⑈␬⑇␭⑫℥
㨺㬡㱔⑏䕽㝗䔪㝨䑪㑘㽴 ± 2 ∆® ⑲䁯丬⑈␷⑆䥔䬡㥔す␬䠯㠫⑇␭⑊␤㍎丨
¯(±;µ) ⑲㩇㸮㈽␹⑫℥㥔す㱔⑏䥔䬡㥔す µ 2 Θ ⑲䁯丬⑈␷⑆ ¯(±;µ) ⑲㩇䉧㈽
␹⑫℥┼╭佂⌲㽍┲ℼ╠ G® ⑏䑌㹯⑎ minmax 䑪䵽⑎㈾䑪⑲䭾␿␵␺䤬␺␷③
┲ℼ╠⑎䍍⑲③⑄⑈⑏␤␨⑊␤℥③␷┼╭⌲㽍┲ℼ╠ G® ␬┲ℼ╠⑎䍍⑲③⑆















H0 : µ = µ0 = (0;¢¢¢ ;0) (㥧䬡㥔す)
⑈␷ℤ␿⑀ぬ⑄⑎䉐丩㈾䁢
H1 : µ = µ1 = (¹1;¢¢¢ ;¹n) (䥔䬡㥔す)
6╊┤╞╳Ω╔┢┽╳⑎䩤䉪⑋⑄␤⑆⑏㉏䕄 (1961) ⑲㬲㹈.











␳␳⑇ℤL(x;µ) ⑏║╩╡ℼ┿ µ ⑎㈼⑇⑎ x = (x1;¢¢¢ ;xn) ⑎㍎丨䰩䕙㑘㽴⑇␢










㠶㭒乏㭜䁟␫⑩㙑䕹⑋䔾䵑␹⑫㹬㥧⑲㥍␨⑫℥⑞␿ℤ㑑䈬䍍 x1;¢¢¢ ;xn ⑏║╩
╡ℼ┿ µ(= 0;
¹















⑇␢⑫℥㩇䔬㨺㬡䁯丬 ±¤ ␬䥔䬡㥔す⑈䠽䑪␹⑫㑑䈬䍍⑎乎と⅊㈾䁢 H0 ⑎㑾㕑


































⑈䘱䍍⑇␢⑫℥ㄦ䩕⑎乗㌦䍍k ⑏䀩䱳㹲㝯±¤ 2 ∆® ⑨⑪䑪②⑩⑬⑫℥(4.9)⑨⑪ℤ






























7䤸䭜┵┤┺␬ n = 1 ⑇䴭さ乌 ¹ ␬䉧␭␤㹬㥧ℤ㥔す㱔⑎㩇䔬䁯丬⑏ n╵㵪⑎╇ℼ┿⑲㙑䕹
⑋䨴㹾␹⑫⑎⑇⑏⑊␯␿⑀ 1╵㵪⑎╇ℼ┿⑀␱⑲䴭さ乌 ¹ ⑀␱䨴㹾␹⑫䁯丬⑇␢⑫␳⑈␬䍎⑩⑬
⑆␤⑫ (Avenhaus1986)℥䤸䭜┵┤┺␬ 1 < n < N ⑎ぬ䡌⑎㹬㥧ℤ┲ℼ╠⑎㩇䔬䁯丬⑏⑞⑀㐰
䄴⑋⑏㉲␫⑬⑆␤⑊␤.
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